MINDO-Forces calculations have been performed, with complete optimization of geometry on fulvene and X-fulvene radical anions, where X is OH, NH2, CH3, NO,, CN, F, dimethyl and cyclopropyl. A twisted structure with angle 5° was found for fulvene anion. All substituents are stabilizing. The stabilization effect is more pronounced in the case of NO, and very weak in the case of CH3. It was found that the substituents CH3 and CN show amphielectronic behaviour. Geomet rical parameters, heats of formation, dipole moments, electron and spin densities are reported.
Having studied the effect of substituents on fulvene radical cations [1] , we now report the effect of sub stituents (OH, NH2, CH3, N 0 2, CN, F, dimethyl and cyclopropyl) on fulvene radical anion.
The calculated heat of formation of the parent mol ecule, after complete optimization of geometry, was found to be 67.797 kcal/mole, which is almost in agreement with that given by Dewar et al. [2] , Faking an electron from the fulvene molecule, a twisted struc ture with an angle 5° was found, and the heat of for mation changed to 248.125 kcal/mole for the fulvene radical cation [1] ,
Fhere exist no advanced calculations on fulvene and monosubstituted fulvene radical anion. This paper reports the geometry, heat of formation, dipole moment, electron and spin densities of monosubsti tuted fulvene radical anions from calculations by the semiempirical MINDO-Forces MO method [3] . Fhe molecular energy of the radical anion obtained from the semiempirical MINDO/3 method [4] was com pletely minimized according to the Murtagh-Sargent minimization technique [5] . The derivative of the energy was calculated according to Pulay's Force method [6] , A full description of the program and its application is given in reference [3 a], Results and Discussion
Fulvene Radical Anion
In order to find whether the fulvene radical anion is planar or twisted we have calculated the heat of forReprint requests to Prof. Dr. Salim M. Khalil, Department of Chemistry, College of Science, University of Mosul, Mosul, Iraq. mation as a function of the dihedral angle 0 (angle between the plane of the CH2 group and the plane of the five membered ring). Fhe results are given in Table 1 . In these calculations the energy is minimized with respect to all geometrical parameters. It can be seen from Table 1 that the most stable anion corre sponds to (j) = 5°. This anion was called anion 1 and represents the ground state of fulvene radical anion. All the substituents relate to this anion.
It can be seen from Fig. 1 that adding an electron to the fulvene molecule to form anion 1 causes an in crease in the bond lengths of CI -C2, C3 -C4, C5 -C6, a decrease in CI -C5, C4-C5, C2-C3 and a twist of the CH2 group out of the molecular plane by 5°. This shows that there is a decrease in the degree of cross conjugation in the fulvene radical anion. This result resembles our result on the fulvene radical cation [1] though it is less pronounced.
The rotation of the CH2 group from 0° to 90° out of the molecular plane causes the following changes in the geometry of the fulvene anion:
(a) an increase in the C1-C2 and C5-C6 bond lengths;
(b) a decrease in the CI -C5 bond length and almost no change in the C2-C3 bond length; (c) a slight increase in C5C1C2 and C3C4C5 and almost no change in C1C2C3, C1C5C4 and C2C3C4. Figures 2 and 3 show the changes in the bond lengths and bond angles, respectively, of the fulvene radical anions as functions of the dihedral angle ((f)).
The calculated electron densities of the carbon atoms in the fulvene radical anion with different (f) values are plotted in Figure 4 . On rotating the CH2 group towards the perpendicular transition state, the electron density increases on C2 and C5, and de creases on CI and C6.
Effect of Substituents S tru c tu ra l D e ta ils
Introduction of a substituent into fulvene radical anion increases the adjacent bond lengths ( Figure 5 ). This effect is in the order of N 0 2 > CN > CH3 > NH2 >OH. F substituent is found to decrease the adjacent bond length except C5-C6. This is similar to our result on fulvene radical cations apart from the F substituent [1] , The dimethyl substituent is found to increase C5-C6 more than all substituents while D ihedral angle in degree hedral angle (0) for fulvene radical anions. fashion to that found in the case of fulvene radical cation [1] , But for OH, NH2 and F substituents it was found that the substituent increases the bond angle when it is attached at carbon atoms CI and C2 and decreases it at C6. This effect is more pronounced in the case of F substituent. Dimethyl and cyclopropyl substituents produce a decrease in the bond angle where the substituent is attached.
S ta b iliz a tio n by S u b s titu e n ts
The stabilizing effect of substituents is often as sessed by using isodesmic reactions [7, 8, 9] . A positive heat of formation ( Table 2) indicates stabilization of the reactant by the substituent. The results show that all the substituents are stabilizing. This is in agreement with our calculation on fulvene radical cation [1] , The stabilization is more pronounced in the case of N 0 2 and very weak in the case of CH3.
E le c tro n D en sity It can be seen from Tables 3 and 4 that the sub stituents OH, NH2, F, dimethyl and cyclopropyl, de crease the electron densities on the carbon atom to which the substituent is attached and increase the electron densities on the adjacent carbon atoms, i.e. the adjacent carbon atom, i.e. it acts as electron withthey act as electron releasing. The effect is more pro-drawing. CH3 and CN substituents act very weakly as nounced in the case F, OH and NH2. N 0 2 substituent electron withdrawing, which is different from our produces an increase in the electron density on the reults on fulvene radical cation [1] , Fherefore CH3 carbon atom to which it is attached and a decrease on and CN show amphielectronic behaviour. They, thus Table 5 . Calculated spin densities of monosubsituted fulvene radical anions. See act as electron releasing and withdrawing depending on the electron demand [9] [10] [11] [12] [13] [14] ,
Spin D e n sitie s
The result on anion 1 (Table 5) shows that the un paired electron resides largely at C6, to a small degree at CI and C4 and even less at C2 and C3. The spin density at C5 is very low. This result is different from that on fulvene radical cation [1] which showed that the spin resides largely on the endocyclic diene.
Thus adding on electron to the fulvene molecule results in an exocyclic rather than endocyclic diene, and also removing an electron from the exocyclic double bond of the fulvene molecule.
The interaction of the substituent (either releasing or withdrawing) is more pronouced at C6, followed by substitution at CI and then at C2.
D ipole M om ent
The electron releasing substituents OH and NH2 decrease the dipole moment at the exocyclic double bond and increase the dipole moment (Table 6 ) at the endocyclic diene. This is due to the high electron and spin densities at the exocyclic double bond of the ful vene anion. This result is different from that on fulvene radical cation [1] , F substituent shows a different effect due to it is peculiarity [15] .
However, the introduction of CH3, N 0 2 and CN substituents increases the dipole moment at the exo cyclic double bond more than that at the endocyclic diene. This is because they are electron withdrawing according to the present result. Dimethyl and cyclo propyl increase the dipole moment because they act as weakly electron releasing.
Conclusions
The results presented here support the existence of some degree of twisting in fulvene radical anion and the residence of the unpaired electron in the exocyclic double bond. The negative charge is delocalized throughout the entire molecule (CI, C4, C6). The sub stituents at the exocyclic double bond show strong interaction with the unpaired spin as compared with the substituent at the endocyclic diene. Electron re leasing substituents are found to decrease the dipole moment at the exocyclic double bond, while the elec tron withdrawing substituents increase the dipole mo ment at the exocyclic double bond.
